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I
ABSTRACT

This report presents a reliability and maintainability analysis
resulting from the F-l11A Category II testing at Edwards Air Force Base.
During Category II testing the F-lIA flew 2,019 hours, generating ap-
proximately 31,000 reliability and maintainability data records. The
majority of Category Il tests were flown on preproduction aircraft;
however, several production aircraft were tested in the last year of the
program. The data in this report covered only the last 22-month period
so that the analysis would be more representative of production aircraft.
The analysis utilized 1,240 of the flying hours and approximately 18,000
of the data records. The F-l11A had a me.sured reliability of 0.83
probability of mission success during Category II testing. The contrac-
tor specified reliability was 0.85 probability of mission success. Mis-
sions which might have been aborted in an operational environment were
considered successes at Edwards when part of the planned mission test
objectives were met. Therefore, the 0.83 probability of mission success
may be misleading. The measured mean tiiiies between failures (MTBF's) on
the lead computing optical sight and the UHF communications, which were
government furnished equipment, met the contract end item (CEI) specified
MTBF's. All other avionic subsystems were below the CEI specified MTBF's
except for the Countermeasures Receiver Set and Radar Homing and Warning
System which had insufficient testing time to determine an MTBF. The
maintainability analysis showed that it took more man-hours to maintain
the aircraft than had been predicted by the contractor. The measured
maintenance man-hours per flying hour for the F-l11A during Category II
testin- was 82.3 hours as compared to the contract specification of 35.
The subsystems that failed to meet the contractor's predicted values by
a large margin were the same subsystems that had the low reliability fig-
ures. The maintainability of the aircraft was generally good, but the
low reliability of some of the avionic subsystems and the propulsion
subsystem caused a high maintenance man-hour per flying hour figure.
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INTRODUCTION

This report presents the results of the Category II Systems Relia-
bility and Maintainability Evaluation of the F-111A aircraft. The eval-
uation was conducted by personnel of the F-ill Joint Test Force (JTF) at
the Air Force Flight Test Center, Edwards APFB, California. Technical
reports on other aspects of the F-1liA test program are listed in the
Bibliography.

The flight test program began on 15 January 1966, with the delivery
of F-1liA aircraft No. 8. By 31 October 1969, the F-liA Category II
test aircraft had flown 1,044 missions for a total of 2,019 hours. The
Systems Effectiveness Data System (SEDS) was used to store, retrieve,
and analyze the reliability and maintainability data during the course
of the F-1liA Category II test program. The data collected on the F-l1A
was used to develop and test the computer programs generated under the
SEDS contract.

The aircraft subsystems were tested in as nearly an operational
environment as possible. The peculiarities of a testing environment were
eliminated or accounted for whenever possible. The aircraft possessed
during the Category II test program were not production aircraft, except
aircraft used for short periods during the latter part of the test pro-
gram. So that the analysis would be more representative of production
aircraft, the data base on which this report is based began in January
1968. In the perio4 1 January 1968 through 31 October 1969, the F-l1A
flew 646 missions for a total of 1,140 hours.

Table I, Aircraft Utilization, contains a summary of missions flown
during the Category II testing period 15 January 1966 through 31 October
1969.

DATA COLLECTION

Two sources of data were used as a basis for reliability and main-
tainability analysis. The first source used was hardware information
recorded by maintenance personnel on the Maintenance Discrepancy/Produc-
tion Credit Record, AFSC Form 258/258-4, (figure 1). This data source
was known as the 258 Data System. This form was used for recording all
maintenance actions in place of the standard AF Form 349/350. The reason
for this was that the AF Form 349/350 did not have WHEN DISCOVERED TIME
(Block 7, figure 1), and DELAY CODE (Blocks 34 and 37). Also missing on
the AF Form 349/350 were personnel data by AFSC Code, Technical Order and
Aerospace Ground Equipment (AGE) data. The when discovered time was
necessary for accurate calculation of time between failures and time to
maintain the systems. Without a delay code, the cause of work stoppage
could not be identified; hence, time to maintain the system could not be
accurately assessed.

The second source of data was operational information recorded on
AFFTC Form 0294 (figure 2). This form was used to record aircrew analysis
of system mission reliability after each mission and to summarize the
maintenance actions required to clear the flight discrepancies.
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F-IIIA DEBRIEFING RECORD

*a-4 .C I...t y *II*JG ! 5 .. ... ",
-IS

NO kog ElA
g.so c"onSyl1C AIA9 .o no Coot -~5c" Name

31 AIRFRAME 21 INERTIAL NAVIGATION

22 S2 ATTACK RADAR

23 LANDING GEAR 53 RADAR ALTIMETER

24 FLIGHT CONTROL $4 TFR

25 ESCAPE CAPSULE SS _ LCOS

M -tTURBO-JET ENGINE 54 DUAL INDICATING BOMB TIMER

27 lAIR CONDITIONING & PRESSURIZATION S7

ELECTRICAL POWER so

23 LIGHTING SYSTEM S9 WEAPONS BAY GUN

30 HYDRAULIC A PNEUMATIC POWER 6O PYLONS

31 FUEL ol WEAPONS SAY

32 AIR REFUELING 42 WEAPONS CONTROL

33 63 WEAPONS RACKS

34 OXYGEN SYSTEM .4

2 31 _ MISCELLANEOUS UTILITIES 2 65 TRACK BREAKER SYSTEM

$9 INSTRUMENTS _ _ __MRS_

37 67 CMOs

30 AUTO PILOT I RHAWS

39 AIR DATA $#II

40 H F COMMUNICATIONS 70

41 U H F COMMUNICATIONS 71

421 INTERPHONE 72_

43 IFF/SlF 73

44 MISCELLANEOUS COMMUNICATION EQUIPMENT 74 INSTRUMENTATION

41 TACAN 7S

44 ILAS

47 U H F'ADF 77F
48 70

49 ,79

MISSION OBJECTIVES 1% SUCCESS

SIGNATURE Of AIRCRAFT COMADIaNOES SIGNATURE OF 0I60019r01

CODE FOR BLOCKS AS INDICATED

BLOCK 7 I?''I IissiO.) BLOCK E wissio. opp cvImgSgas) RELIABILITY CODES

01 TRANSITION OR TRAINING I FLOWN AS BRIEFED BLANK EQUIPMENT NOT USED

02 TEST SUPPORT 2 MISSION DEVIATION I OPF.RATED SATISFACTORILY
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04 STABILITY AND CONTROL TEST NOTE- MISSIONS CHANGIED FOR OTHER THAN MAINT 5 FLOWN WITH KNOWN DISCREPANC

[NANCE ARE COINE I

AFFTC '0%, 0-294

Figure 2 SAMPLE AFFTC FORM 0-294 F-1lIA MISSION DEBRIEFING RECORD (Front side)



CISCREPAtJC.ES I

CARD802 I AOL 09 CCYR.L HJMqR S R T CO I , [AC 
S 

,

212111, 111... 1i1c .-,.-L_,±-J.-__L.LA_ ._LJ __A._ .. ... L ....- -

3 I C I' C. NscI UNA CO

__ _L.._L L L I t I I __ILJ _ _ J.-.. . ... . ....

DESCRIPTIO ON 015CRt." C

CARD RC E C £L A 0I COl 0 UMBER A A ... O2 AOA
S I CO CISC

DESCRIPTION OF
{ 

DISCREPJANCY

CARDSLOC CEL 11 JOB COCTROL NOMBER IA RE UNIT COO! BOB MAC , r 0 B

0" coooMA

I C I I I I _ .A L! ---
OESCRIPTION Of DISCREPANCY

CARS BLOCE 'I. JOR CONTL 7 NIUBCB 545(N WORE U1.T COOL .OA' MAC ACT IO" ., IT10 .. . ..

38 CONTRO NUBE

OR SCBI '5ON O ISCAR VANCE

I I I I I |1 ___.___1,- I~ [ . J. .. L_.. .. .. . .

OESCRIPTION Of OIS PEPACY

CAPR ELOCKL ]-Cl IOB CONTROL NUIMBER I,1 WOPX UNII CODE. HO A CTION ,O-$I'TIO+ ITF

C-I -TON OF . ISC-EPAN

- CESC IPTION OF CISLAIPANCY -

d O AImplt 11- \ ,'umbAh -Ir1-ni l .1f thl I.-0

I Oht... Vyb C 1-1:,,) , hr Ohs 1ON, IRAIICIIr, ,srk -h-lI( 1sr 01.. 1VAI 4 C1, 4,111 I 4,, ' 1 , ft. A1( I
Fur Al MPLE 1 ER~s 140 N A~~h FFTC, A FOMN 0-294 -I~AINBAf ISSION "'I N , I

Figure 2 SAMPLE AFFTC FORM 0-294 F-111A MISSION DEBRIEFING RECORD (Back side)

5



The System Effectiveness Data System (SEDS) consisted of a series
of programs employed to stere, retrieve, and analyze the data contained
on the AFSC Forms 258/258-4 and AFFTC Forms 0-294. The data collected
from the forms constituted the SEDS Data Base from which all data pro-
ducts contained in this report were derived.

The basic philosophy of SEDS was to portray as realistically as
possible the demonstrated reliability and maintainability of the F-l11A
weapons system. The effects of maintenance management, supply, and re-
search and development functions were eliminated whenever possible.

258 DATA SYSTEM

Maintenance data collection for the F-l1A Category II testing was
an AFSC adaptation of the procedures outlined in AFM 66-1, reference 1.
The AFSC Form 258/258-4 was used for recording all maintenance actions
related to the F-l11A such as removal and reinstallation of components,
fix-in-place repair actions, recording functional checks and trouble-
shooting actions.

The completion and editing of the Forms 258 was the responsibility
of the F-1ll JTF maintenance organization. After the forms had been com-
pleted they were keypunched, edited, and used to update the maintenance
master history file of the SEDS Data Base at regular intervals.

MISSION DEMRIEFING DATA

The AFFTC Form 0-294 (figure 2) was used to record the aircrew's
analysis of a mission and to report system malfunctions that occurred
during a mission. Information on the form included mission parameters
such as aircraft serial number, mission number, date of the mission,
duration of the flight, mission effectiveness, and codes which reflected
the reliability of the various subsystems which were used during a mis-
sion. The following codes were used to record the subsystem reliability:

Code Meaning

No Entry Subsystem not used.

1 Subsystem operated satisfactorily.

2 Subsystem had a malfunction, but
could be operated in a degraded
state.

3 Subsystem was completely inopera-
tive but did not cause a mission
abort.

4 Subsystem failed and caused a mis-
sion abort.

5 Subsystem was flown with a known
discrepancy.

If more than one malfunction was noted on a single subsystem, the
reliability code of the most serious deficiency was used. The form was
also used to record a brief narrative of the individual discrepancies
and sufficient information to correlate the malfunction with the AFSC
Forms 258/258-4 which were used to document troubleshooting and repair.



Accurate completion of the form was the responsibility of the air-
crew, the JTF reliability engineer, and the JTF maintenance analysts.
The forms were reviewed by the JTF reliability engineer and then key-
punched into card form to update the master debriefing file of the SEDS
Data Base.

SEDS DATA BASE

The SEDS Data Base was structured in the following manner. Each
AFSC Form 258 maintenance report constituted a line item record in the
maintenance part of the data base. Similarly, each AFFTC Form 0-294
mission debriefing report constituted a line item record in the opera-
tional part of the data base.

Even though all maintenance actions were documented on the AFSC
Forms 258, this did not mean that all maintenance to repair a particular
malfunction was recorded on a single form. Most of the time, more than
one form was necessary to document all maintenance actions to clear a
malfunction. A maintenance event was defined as all maintenance actions
relating to a particular malfunction between discovery of the malfunction
and the final fix.

A SEDS computer program tied all related AFSC Forms 258/258-4 into
a maintenance event. In addition, this program located the key work unit
code of the maintenance event, totaled the maintenance hours, and identi-
fied the action taken to fix the malfunction.

During the Category II test of the F-l11A there were approximately
30,000 line items recorded in the maintenance data base. The mission
debriefing data base contained approximately 1,050 line item records
resulting from Category II testing.

To yield an analysis of system maintainability comparable to that
of production aircraft, the maintenance data base was taken as the
period 1 January 1968 through 31 October 1969 except for maintenance man-
hour per flying hour total period calculations which were accomplished
for the period 1 November 1968 through 31 October 1969. The operational
data base, 1 July 1968 through 31 October 1969, was used for reliability
analysis.

RELIABILITY ANALYSIS
The data presented here was intended to provide numerical analysis

of subsystem reliability. Reliability data was obtained by using failure
information from the master debriefing file; therefore, the study was
based on aircr'Iw noted malfunctions. As subsystem malfunctions occurred
they were classified as degraded operations or failures. A degraded
operation existed when the performance of a subsystem was below normal
operating specifications, but was still usable. When a subsystem was
rendered inoperative or unusable, the malfunction was classified as a
subsystem failure. There were two types of subsystem failures, no-abort
and abort failures. No-abort failures occurred when the subsystem failed,
but was not mission essential and did not cause a mission to be aborted
due to the malfunction. When a subsystem was mission essential and had a
failure that caused the mission to be terminated before completion, the
malfunction was classified as an abort failure.
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The probability of mission success as measured during testing at
Edwards AFB was 0.83 compared to the specified figure of 0.85. All mis-
sions were scored as successes or aborts. A ground abort occurred when
the crew had to shut down engines and/or a repair was required to fix a
major malfunction with which the pilot would not have taken off. An air
abort occurred when a safety of flight malfunction caused termination of
the flight or a complete breakoff of the primary mission was caused by
a subsystem malfunction. Missions which might have been aborted in an
operational environment were considered successes during this program when
part of the planned mission test objectives were met. For this reason,
the measured probability of mission success (0.83) could be misleading
for operational aircraft.

SUBSYSTEM MISSION MALFUNCTION REPORT

The Subsystem Malfunction Report, table II, shows the flight time
and number of malfunctions that occurred on the different aircraft sub-
systems. Also shown is the number of missions on which each subsystem
had no malfunctions. The operating time of a subsystem was taken to be
the time of each flight on those missions when the subsystem was used.

During the period of July 1968 through October 1969, the F-111A
flew 512 missions, including ground aborts, for a total of 950 hours.
Examination of table II shows that the subsystems having the malfunctions
were propulsion, attack radar, flight control, inertial navigation, and
instruments, in that order.

SUBSYSTEM MISSION RELIABILITY REPORT

The Subsystem kission Reliability Report, table III shows calculated
values of the mean times between malfunctions according to type and the
probabilities of not having a malfunction of each type. The following
statistics were calculated for each subsystem and are shown in table IV:

1. Mean time between discrepancies (MTBD)

2. Mean time between failures (MTBF)

3. Mean time between aborts (MTBA)

These values were computed as follows:

TMTBD =T
Nd + Nf + Na

MTBF = T
Nf + Na

MTBA TN
a

Where:

T = Total system operating time

Nd = Number of degraded operations recorded on the subsystem

Nf = Number of no-abort failures recorded against the subsystem

Na = Number of abort failures recorded against the subsystem

8



In addition, the statistically derived 90-percent lower confidence
limits for the means were calculated. A 90-percent lower confidence
limit (for a given parameter) was that value which the true value would
equal or exceed for a given sample size with 90 percent probability.
As such, the proximity of the 90-percent lower confidence limit to the
measured mean gives an indication of the certainty that should be attached
to the measured mean. In other words the closer the measured value is
to the 90-percent lower confidence limit, the more certaintly of the
measured value being the true value.

The method used to determine the lower confidence limit employs the
chi-square (X2) distribution using fixed truncation time for the tests:

Lower Limit = 2 2T

X (i, 2R + 2)
Where:

T = Total test time

R = Number of failures accumulated

= Acceptable risk of error (10 percent) or

l-a = Confidence level (90 percent)

x2 = The critical value for the chi-square distribution with risk,
a, and the degree of freedom, 2R + 2.

Table III also contains the following statistics computed to show
the probability that a subsystem will be usable on any mission regardless
of duration:

1. Probability of no discrepancies (Pnd)

2. Probability of no failures (Pnf)

3. Probability of no aborts (Pna)

These probabilities were calculated as follows:

NsPnd = s+ Nd + N + Na

P ~ N s + N dnf N + N d + Nf + Na

Ns + Nd + Nf
pN +

na N + N + N + NS d f a

Where:

N = Number of successful missions flown on a subsystem.

9



The 90-percent lower confidence limits associated with the probabil-
ities are also included in table III. The following binomial distribution
equation was used to solve for the lower confidence limits:

N () (l-p) =

1=N
s

Where:

N = sample size

Ns = number of successful missions

p = lower confidence limit probability (90 percent)

a = acceptable risk level (10 percent)

An iterative method was used to solve the equation for lower
confidence limit. The large difference between some of the measured
mean times and probabilities and the associated lower confidence limits
results from the low utilization rates of some subsystems.

Table IV shows a comparison between the measured MTBF's and the
contract end item (CEI) specified or allotted MTBF's for aircraft sub-
systems. There is a difference in the method of calculation of these two
MTBF's. The specified MTBF is in terms of total operating time, while
the measured value is in flying hours. Time that is not included in the
measured MTBF is system runup, alinement, and checkout. Regardless of
this difference, there is a substantial difference between the specified
and measured values except for the LCOS and UHF communications. The RHAWS
and CMRS had insufficient testing to determine a mean time between failures.

MAINTAINABILITY ANALYSIS
All maintenance data collected in the 258 Data System from January

1968 through October 1969 was the basis of the F-1l1A maintainability
analysis. An analysis of maintenance man-hours per flying hour (MMH/FH),
the probability distributions of maintenance events, and the time to
turn around the aircraft axe presented.

Work unit codes (WUC's) were used in maintenance data recording to
identify the specific hardware item that was being worked on or to identify
a type of maintenance. These are five-dicit alpha/numeric codes specified
in the Work Unit Code Manual Technical Order IF-lIA-06 (reference 2).
The first two digits of a work unit code designate an aircraft system.
For example 23 identifies the propulsion system and 73 identifies the
bombing navigation system. The third digit identifies subsystems within
the system. The fourth and fifth digits designate assemblies and compo-
nents. As an example, work unit Code 73, bombing navigation, consists of
the inertial navigation, attack radar, terrain following radar, and the
radar altimeter subsystems. Maintenance accomplished and documented
against aircraft systems is termed non-support general and is accomplished
on the line or in the shop.

Work unit codes 01 through 09 designate support general maintenance
actions such as servicing, phase inspections, and aircraft cleaning.

10



The maintainability analysis was reported for the two-digit aircraft
systems with the exception of avionics which was reported at the three-
digit subsystem level.

MAINTENANCE MAN-HOURS PER FLYING HOUR

The MMH/FH of each aircraft system was calculated by retrieving
maintenance data from the F-l11A master history file by the two-digit
work unit code and dividing the sum of maintenance man-hours for each
WUC by the total flying time for that period.

The MMH/FH was separated into line and shop actions. Further
distinction was made between support and non-support general maintenance
events. Support general maintenance was denoted by WUC 01-09. Non-
support general maintenance was unscheduled maintenance, such as repair
of malfunctions discovered during a mission, and was designated by WUC's
11-97.

The total MMH/FH and the percent of total was presented for each
aircraft system. In addition, subtotals for support and non-support
MMH/FH and system total MMH/FH are shown.

Table V contains the MMH/FH figures for October 1969. Six-month
average MMH/FH's for May 1969 through October 1969 are presented in
table VI. The average values were calculated for the period from November
1968 through October 1969 and are presented in table VII. The final
average values were taken for the period November 1968 through October
1969. By using ofily the most recent 12 months' data, a set of figures
including the effects of aircraft modifications and newest maintenance
techniques were available.

MMH/FH bar graphs for each work unit code are presented in figures 3
through 8. These were the 6-month moving averages of the MMH/FH. Figure
9 is the same type presentation for all support general and non-support
general subtotals. The total aircraft MMH/FH moving averages are shown
in figure 10.

Figure 11 was included to give a comparison between the MMH/FH ex-
pended on the different aircraft subsystems and support general WUC's
and the contractors predicted values for these subsystems and WUC's.

Table VIII contrasts the contractor's predicted 14MH/FH and the
measured MMH/FH for the Category II testing (reference 3). Also tabu-
lated are the differences between the MMH/FH's and comments on the dif-
ference.

Thirteen subsystems met the contractor's predicted values. However,
the overall MMH/FH for the F-1lIA in Category II testing was 82.3 MMH/FH
as compared with 32.7 MMH/FH predicted b the contractor and 35.0 MMH/FH
specif-ed in the contract. For a breakout of -be difference, the con-
tractcr predicted value for support general maintenance was 8.9 MMH/FH
with a measured value of 38.8. This difference of almost 30 MMH/FH is
further explained in table VIII. In summary, most of the difference was
because the contractor did not include shop support general in his pre-
diction and because of the large number of man-hours used at Edwards in
the testing environment for ground handling and look phase inspections.
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The contractor predicted 23.8 MMH/FH for non-support general mainte-
nance. The measured value was 43.5. This difference was caused mainly
by the low reliability demonstrated by the propulsion and avionics sub-
systems. Although the mean man-hours to repair these subsystems were
relatively high, the low mean time between discrepancies was the major
factor.

DISTRIBUTION OF MAINTENANCE EVENTS

A maintenance event consisted of all maintenance actions, both line
and shop, required to repair a particular malfunction. Associated with
each event are the active hours and the man-hours required to repair the
malfunction. For each maintenance event the following parameters were
reported on here:

1. Line active hours

2. Line man-hours

3. Shop active hours

4. Shop man-hours

5. Total active hours

6. Total man-hours

For each of the above the mean, standard deviation, median (the
time when 50-percent of all maintenance events will be completed) and
Mmax (the time when 90-percent of all maintenance events will be com-
pleted) are presented in tables IX through XIV. These statistics were
calculated so as not to depend on any particular probability distribution,
so they are termed non-parametric statistics.

In addition to non-parametric statistics, it is useful to fit the
times to repair to a probability distribution so that one can obtain the
probability that the aircraft system will be repaired within a specified
time interval. To this end, tests were made for the maintenance events
of each system to determine which of the three following probability dis-
tributions fit best:

1. Log-Normal Distribution - where t is the active hours or man-hours
to repair and o and G2 are the distribution parameters,

f (t1, j) = - exp 1 2 ]

2. Exponential Distribution - with the parameter 6,

f (tl3) 1 exp

3. Weibull Distribution - with parameters 01 and 62,

1e = exp (-2t2

12



The Kalmogorov-Smirnov goodness of fit test was used to determine which
distribution best fit the data. Tables IX chrough XIV list the paramiter
values for each best fit distribution.

Figures 12 through 18 are plots of the actual data, fitted distri-
bution, and 95-percent confidence bounds for the following subsvsteos:

1. Autopilot

k. Air Data System

3. Inertial Bomb Navigations

4. Attack Radar

5. Radar Altimeter

6. Terrain Following Radar (TFR)

7. Lead Computing Optical Sight (LCOS)

The two curves representing the upper and lower 95-percent ccnfidence
bounds are interpreted to mean that we know with 95-percent confidence
that the true distribution of the maintenance events lies between these
two curves. The non-parametric statistics shown are calculated from
available data and as such are limited in the information provided by
a given sample. The best fit distribution is a model which portrays and
predicts the complete maintenance behavior of the particular subsystem
more complete1y than just the mean. The probability of completing a
repair actiun within a certain length of time can be determined by finding
the time in hours (or man-hov-s) on the abscissa going up to the distri-
bution curve and reading ac! s to the ordinate.

For some subsystems ed in tables IX through XIV, it was not
possible to fit a parameti, distribution to the different categories of
time expenditure. In some cases, such as the airframe or landing gear
subsystems, the subsystem is too large and may require too varied a col-
lection of maintenance tasks to fit any distribution. Other subsystems
such as flight controls have electrical and mechanical components and
therefore, the resulting maintenance requirements are too diverse to fit
any standard distributions. Small sample size also caused some subsystems
not to fit, and combinations of the three problems listed caused still
other misfits.

TIME TO TURN AROUND

A time to turn around was calculated by considering support generalmaintenance work necessary to 4- i the 4 c.Lc t^ .. a.. fter one -- Lu... c ... ~*.. C... ft after Lone fight. tU

prepare for the next flight. A list of work unit codes considered as
part of turn around maintenance is shown in table XV. Two categories
of maintenance time were considered in determining time to turn around;
active time, and man-hours. The mean, median, standard deviation, and
Mmax for these two categories are summarized in table XVI.
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CONCLUSIONS

RELIASILITV

The mean time between failures obtained for the various avionic
subsystems during Category II testing were much lower than the CEI
speciried MTBF's. These findings should not be discounted "out of hand"
just because the test aircraft were pre-production models. A comparison
of the particular subsystem of interest in both pre-production and produc-
tion aircraft must be performed before a valid conclusion can be made.

The probability of mission success as measured at Edwards AFB was
0.83 while the specified figure was 0.85. Missions which might have been
aborted in an operational environment were considered successes at Edwards
when part of the pla-ned mission test objectives were met. For this
reason, the easure': - obability of mission success (0.83) could be mis-
leading for operational aircraft.

nAINTAINASIL ITV

Aircraft design has made component accessibility easy. Being able
to reach test points, operate built-in test functions, and remove com-
ponents at ground level has reduced preparation time for many maintenance
tasks.

The maintainability of the aircraft was generally good, but the low
reli.bility of some of the avionics subsystems and the propulsion sub-
systen caused a high maintenance man-hour per flying hour figure.

The specified 4MH/FH was 35.0. The value measured at Edwards during
the lasr year of Category II testing was 82.3. For support general tasks,
the difference of 30 MMH/FH between contractor predicted and measured
occurred because the contractor did not include shop support general
(wheel and tie buildup, engine buildup and teardown) in his predictions
and because of the large number of man-hours used at Edwards in the test-
ing environment for ground handling and look phase inspections.

Maintenance man-hours per flying hour is as much a measure of re-
liability as maintainability because a high man-hour expenditure can be
caused by high failure rates. As shown in table III many of the subsystems
had low values for mean time between in-flight writeups. For nonsupport
qeneral tasks (unscheduled corrective maintenance), the contractor pre-
dicted 23.8 MMH/FH and 43.5 was measured. This was caused mainly by the
low reliability demonstrated on the propulsion and avionics s-bsystems.
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APPENDIX I - TEST DATA

Six-month Moving Average
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Six-month Wc.,dng Average
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Six-month Moving Average
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Six-month Moving Average
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Six-month Moving Average
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Six-month Moving Average
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Six-month Moving Average

Support General
100 -

90-

80-

70-

= 60

50

4o0

30 -

20

10 -

' /!A,, JA C N ,J ? v . J JAS O:'DI '

1968 Da'.-',

Non-Support General

80-

70 "

6o

m 50-

4o-

30-

20 -

10 - A

jJ JI ,  A SI" j~I I 0D I M 1A ly I J j t lJrID

1968 Date 1069

Figure 9 MAINTENANCE MAN-HOUR PER FLYING HOUR, SUPPORT GENERAL AND
NON-SUPPORT GENERAL

21



Six-month Moving Average
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ITabld, I

AA CPAIT UTrlUZPMI

Jan-Feb

Tim ftriod 44 r 4 Ny " Jun 66 Jul 66 66 Sep Oct 4 ; o7 64 v_ __

Usors Fls 30.9 30.5 54.3 35.4 22.6 14.6 24.0 24.6 52.7 14.4 10.5

Iassice Flom, 1] 16 21 i5 23 7 10 11 22 7 5

1rsdAot 1 5 0 3 0 3 1 2 -3
Air bOrts 0 1 1 1 1 1 3 2 2 4 0

Missions Cancelled-Raisteaemac 14 24 19 17 17 4 0 7 12 1

Rissi s Cancel ld-SaQy 7 9 9 40" 0 9 l 4 13 13 13

ls-Cimissiou Rate (pet) 29.5 20.3 23.4 19.6 30.8 9.5 19.2 42 37.3 7.! 14.0

Samber rtesesscd Aircraft 1 2 2 2 2 2 2 2 2 2 2

TIm fPriod Jam 67 Fab 67 Par 67 Apr 67 May 67 Jun 67 Jul 67 Ag 47 Sep 67 Oct 67 n 67 c 67

moors Flown 31.7 52.9 52.0 67.0 97.8 132.7 58.7 73.1 34.4 55.7 35.7 47.8
Missions 15w

s  
Is 22 27 29 44 48 23 30 17 26 17 i6

Ground Aborts 1 3 2 0 2 4 3 3 1 0 2

Air Aborts 2 1 2 1 3 3 3 1 3 4 5 1

issions Camcalled-Naistenaace 24 17 33 11 30 16 30 41 37 43 41 20

missions Cancelled-Supply 3 1 11 16 7 10 2 9 S 19 19 13

ln-Comission nate (pct) 26.8 57.5 30.1 32.0 36.0 32.6 35 40.4 27.4 24.6 36.4 44.7

Samber ossessed Aircraft 3 3 3 3 3 S 5 5 5 5 s 5

T im Period Jan 63 Feb 6 Nar 6 Apr 6 Ny 63 Jun 6 Jul 68 Aug 68 Sep f ct 65 no,. 63 Dec 68

Hours Flom. 64.5 55.1 46.9 35.8 IS.v 54.3 149.3 73.2 41.3 59.7 (;.6 35.S

nissios Floun
1  

22 20 20 16 15 23 55 36 27 27 39 i5

Ground Aborts 3 3 2 4 1 1 4 0 2 3 5 4

Air Aborts 1 0 1 1 1 1 2 3 2 1 0 2

missions Cancelled-Maintenanc, 10 21 25 67 46 30 21 15 16 13 16 7

Missions Cacelled-Supply 29 3 7 12 4 4 17 7 7 9 20 !1

I?-Coamn siont Rate (pet) 27.0 41.1 33.0 22.0 22.0 16.0 46 26 41 59 34 39

Number Possessed Aircraft 6 5 6 7 8 a 7 6.2 4.7 6.1 5.2 5.4

Time Period Jan 69 Feb 69 mar 69 Apr 69 tay 65 Jun 69 Jul 65 A g 69 Sep 69 Oct 69

Hours Flown 59.9 99.6 110.4 21.2 53.1 66.2 34.4 57.1 56.5 23.5

missions Flowm, 27 44 43 14 32 31 19 33 32 18

Grmnj Aborts 5 2 3 0 5 2 3 5 4 0

Air Aborts 1 1 1 2 1 4 1 0 3 0

Missions Cancelled-Nainten.nce 37 34 4 9 27 14 13 32 17 17

missions Cancelled-Supply 32 14 0 6 16 6 17 29 7 4

In-Comission Rate (pet) 37 42 35 16.7 44.3 39.3 27.2 29.5 38.1 27.5

Number Possessed Aircraft 6 6 5 5.1 5.2 6.6 5.6 4.2 3.6 3.0

Doe*s not include qround or air aborts.

iVI



TABLE 11

SUBSVT EP N ISS 1014 MALFJNC TIO-4 REPCRT
JU&.V 1568 THRU OCTCSEII 1969

SJLCESS DEGRADEI FAIL ABOPT OPERATING TIME2

MHRS)
A 10 it AME 4 55 22 1 4 9 5.0 C 1
UWIwG G::Ai 1*62 d3 11 947.41
FLIGeti CUWTh.JL 4@31 4) a I8 55.oC8
ESCAP;- LAPSJLE 459 a 2 1 519.13
EtiGII4S 4-33T 4 i9 945.41
Alp'. CCNb, pplibs 058 23 2 2 946.16
kLatCTKICAL PUK 475s 6 ?%2 950CC
LIGHTNAIhuI SVST4 435 6 1 C 866.48
IOYfiP4EUM PWK 482 2 1 3 947.33
FULL 451 31 2 7 947.51
AIA IcEFULLNG 26 2 .31 86.00
0AY.LN Svil1ll 47S 7 C 3 947.75
NlSC ljTlLlTIS 434 2 0 C 662o66
INSTKL0*14TS 432 46 5 3 947*5U
4AT3 iILZT -126 24 9 C 744.84
Alit. DATsA 414 b 2 2 845o46
HF C U1410 2' 1 ( 62o34
Uh* CumN 4646 11 3 a 94-)o61
INTEaKPHNt 413 9 1 1 547.75
IFF/~iFl 4 1%3 5 14 836.64
NISC CEhN 425 1 a3 C 838.51
TACA? 402 11 100 830.69
ILAS 5C 6 L .3 lc5l.49
UHF/AUF 32 0 0 68.84
IiikRIAL NOWV 3S3 45 10 L 882.41,
ATTACK kAOAR .452 62 21 1 643o3l
R^GAR ALT lNLTEI 363 22 7 0 6s18e83
TFR iCi 19 5 0255e59
LLOS .47C 10 6 G. 554.80
doe8 6114El 26 0 3C48o43
IEm POres 6~4Y GUM~ 6 2 1 11.5
PYLUNS S53 03 -3 79090
let*PONS MVY 22 0 a 35.03
vkAPUS CiUh 53 1 C1 76.57

vAP%;W RACKS 42 2 L Ir 65o49
CAT&S 1C 0 *3 0 22.25
RhAdS 13 4 C 0 34oC9
I,vST KUML NTAT 104 172 9 7 3 380.944

'Degrade - The number of mission the subsystem had to be operated in a degraded mode.
2Operating Time - The total flying time of the mission on which the subsystem was used.
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Table IV

CEI/ALLOTTED MT? AND MEASURED NTW COMPARISON

CET/Allotted Measured
Subsystem MEF MPDF Comment

Airframe 1600 190.0 A large contributor to the difference was the large
nuber of wing seal failures recorded during Cate-
gory II testing.

Flight Ccitrol 100 36.5 During Category II testing there were numerous fail-
ures on the flaps and slats. Also the feel and trim
assembly was a leading contributor to the low 4TBF
measured.

Escape Capsule --- 306.6 The failures recorded against the capsule were due to
windshield and canopy failures.

Air Conditioning and Pressurization 435 236.0

Fuel System --- 105.3 The low NTeF recorded was caused by the large number

of failures recorded against the fuel probes.

IFF 400 59.8 During Category II testing the IFF was operated 836
hours and had 14 failures. The mejority of these
were transmitter-receiver failures. Others were
caused by loose and broken antenna cables.

Interphone 1000 473.9 The interphone was used for 948 hours and had two
failures. Moth failures were in the interphone

control box.

Tacan --- 83.1 During Category II testing there were ten failures
recorded during 831 hours of operation. The majority
of these failures were in the Tacan transmitter-
receiver unit.

UHF Comunications 220 313.5 The WHF communication was GFAE hardware. The subsystem
was operated for 940 hours and had three failures.
These failures were in the receiver/transmitter unit.
The UHF was the only subsystem with a large amount of
operating time that surpassed the specified %TBF.

ILAS 300 107.5 This subsystem was not used extensively, which could
contribute to the low MTF. The ILhAS had only one
failure in 107.5 hours. This was also GFAE hardware.

Inertial Navication 243 60.2 The inertial reference unit (stabilization platform)

had the hiqhest failure rate in this subsystem. The
platform had seven of the ten failures shown in table
IV.

Attack Radar 134 29.2 The attack radar had lowest reliability of all the
avionic subsystems. The receiver/transmitter, the
synchronizer, and the antenna indicator control unit
had the hiohest failure rates. The attack radar was
operated 643 hours and had 22 failures,

Radar Altimeter 500 117.0 The radar altimeter had trouble with the receiver/
transmitter developing internal lock, which caused
the altitude reading to remain constant. There were
also complete failures of the altimeter.

Terrain Followinq Radar 108 50.1 The receiver/transmitter, antennas, and computers were
the .aiah failure items. The TFR was perated for 256
hours and :.ad five failures.

LCOS 300 241.0 The LCOS did not have a failure in 555 hours of opera-
tion. The measured value presented is the 90-percent
lower confidence limit from table IV.

Bomb Timer 1000 21.0 The bomb timer had a low utilization rate which could
contribute to the low MTBF. This was also GFAE hard-
ware.

C4RS 150 9.7 The CMRS did not have a failure in 22.3 hours of opera-
tion. The value presented is the 90-percent lower
confidence limit from table IV. As can be seen in
table IV, the CMRS had a very low utilization rate.

RHAWS 152 14.8 The RHAWS did not have a failure in 34.1 hours of opera-
tion. The measured value presented in the 90-percent
lower confidence limit from table IV. The RHAWS also
had a low utilization rate as can be seen in table IV.
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Table VIII

COMPARISON BETWEEN MEASURED AND CONTRACTOR PREDICTED NAN-HOUR EXPENDITURES

Contractor
Subsystem or Predicted Measured

Maintenance Task P641/FH MNWFH Difference Comment

Ground Handling and Service 3.6 7.3 +4.2 A larae percentaae of the difference between predicted
and measured Pd/TH was Pccounted for by the large
amount of handln4 required in the test environment.
Two examples that caused excessive handling were that
anytime an enoine needed to be run up or the fuel sys-
tem needed maintenance, the aircraft had to be moved
a considerable distance to the trm pad or fuel cell.

Aircraft Cleaning 0.1 0.4 +0.3 - - -

Look Phase of Inspection 3.S 14.6 +11.1 A more realistic predicted figure would be approximately
6 NMIH/FH. The remainder of the difference can be ac-
counted for by the extensive inspection requirements of
Category II testing.

Special Inspections 0.4 3.4 +3.0 The difference was accounted for by peculiar requirements
of Catecory II testing and base environment.

Aircraft and Engine Storage 0.0 0.1 +0.1 - - -

Ground Safety 0.3 0.0 -0.3 - - -

Preparation of Aircraft 0.1 0.1 0.0 Met prediction,
Records

Special Weapons Handling 0.9 0.0 -0.9 No special weapons handling was recorded.

Shop Support General --- 12.3 --- These maintenance tasks were not included in contractor pre-
dictions, but includes such important taks as wheel and
tire buildup and teardown.

Airframe 3.9 4.1 +0.2 - - -

Landing Gear 0.4 3.0 ,2.6 The mean time between discrepancies for this subsystem
das low at 43.1 hours between in-flight write-ups.
This low mean time, combined with the mean time-to-
repair of 11 man-hours, accounted for the difference.

Flight Control 1.4 3.4 +2.0 The low mean time between discrepancieq of 14.4 hours
between in-flight write-ups combined ith a mean time-
to-repair of 15.1 man-hours account f r the difference.

Escape Capsule 0.2 1.8 +1.6 This difference was accounted for by a .elatively l'igh
mean time-to-fix of 15.1 man-hours while the maximum
man-hours required per malfunction were 34.8.

Turbo-Jet Power Plant 5.2 9.6 +4.4 The mean time between discrepancies for this subsystem
was low at 9.2 hours between in-fligi write-ups.
Combined with a mean time-to-fix of 13.9 man-houts
accounts for the difference.

Air Conditioning Pressure 0.5 0.5 0.0 Met prediction.

Electrical Power Supply 0.2 0.7 +0.5 The insiqrifscant difference could L_ accounted for by
the relatively ugqh mean time between discrepancy of
of 119 hours between in-flight write-ups.

Lighting System 0.1 0.1 0.0 Met prediction.

Hydraulic and Pneudraulic 0.5 1.0 +0.5

Power Supply

Fuel System 0.3 3.0 +2.7 The majority of the difference was attributed to iarger
number of fuel leaks and fuel probe problems encountered.
This was demonstrated by the low mean time between in-
flight write-ups of 24 hours and high mean man-hours-to-
fix of 18.7 hours.

Oxyqen System 0.1 0.1 0.0 Met prediction.

Miscellaneous Utilities 0.1 0.1 0.0 Met prediction.

Instruments 1.0 1.0 0.0 Met prediction (GFAE).

Autopilot 1.3 3.2 +1.9 This sytem had a low MTBD of 22.6 hours, a high mean
time-to-fix of 23.3 hours, and maximum man-hours of
58.0 hours to accoun, for the difference.

Malfunction Analysis 0.1 --- --- No data recorded.

HF Communications 1.9 0.0 -1.9 This system was not used during this period.
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Table VIII (Concluded)

.ontractor
Subaystam or Predicted Measured

Maintenance Task MMH/FH MN~f/FH Difference Coment

UHF Comunications 0.2 0.2 0.0 Met prediction.

Interphone 0.1 0.1 0.0 Met prediction.

IFF/SIF 0.2 0.2 0.0 Net prediction.

Radio Navigation 0.4 0.4 0.0 Met prediction.

Bombing Navigation 3.1 6.8 +3.7 The MTBD of the INS, attack radar, radar altimeter,
and TFR are 15.8, 7.7, 28.2, and 10.6 hours, re-
spectively. The respective mean time-to-fix man-
hours are 26.7, 18.0, 7.1, and 31.8 heurs. The
combination of these two account for the larue
difference.

Fire Control 0.1 0.7 +0.6 All maintenance was expended against the LCOS. The
bomb timer did not have any in-flight write-ups.
The LCOS had mean time-to-repair man-hours of 26.5
hours and maximum repair of 40 hours.

Weapons Delivery 0.5 1.2 +0.7 This difference could be accounted for the small
data size and pre-production equipment.

Electronic Countermeasures 1.6 0.4 -1.2 Insionificant utilization of equipment to make a
decision_

Table IX

DISTRIBUTION OF MAINTENANCE EVENTS - LINE ACTIVE HOURS

Non-Parametric Statistics Best Fit Distribution Parameters

Log Normal Exponential Weibull

Subsystem Mean Std Dev Median 'max  
2  

a 01 2

Airframe 3.16 4.05 1.30 8.00 NO FIT
Landing Gear 3.66 6.46 1.20 7.50 4 NO FIT
Flight Control 3.60 3.48 2.40 8.10 0.83 1.01
Escape Capsule 3.95 5.08 1.70 8.50 0.86 1.03
Turbo Jet Power Plan 4.88 6.60 2.00 11.80 d NO FIT ---
Air Conditioning, Press 2.71 4.31 1.20 3.50 0.42 1.04
Electrical Power Supply 2.14 1.53 1.70 3.90 1.398 0.304
Lighting System 1.20 0.88 0.70 2.00 -0.06 0.52
Hydraulics and Pneumatics 3.23 4.62 1.30 8.20 0.50 1.29
Fuel Systems 5.43 6.41 3.50 10.50 0.182
Oxygen System 1.37 1.98 0.70 3.50 0.709 0.935
Miscellaneous Utilities 1.93 2.21 0.90 3.20 0.870 0.601
Instruments 2.20 3.50 1.20 4.20 .4 NO FIT

*Autopilot 4.04 3.34 3.25 7.90 1.206 0.172
*Air Data System 2.59 1.73 2.00 4.00 1.505 0.205
HF Communications 0.87 0.53 0.80 1.00 0.857
UHF Communications 1.39 0.75 1.00 2.00 1.873 0.434
Interphone 1.60 1.21 1.00 3.00 0.547
IFF 2.03 1.01 1.50 3.50 0.60 0.25
Radio Navigation 1.85 1.10 1.00 3.00 0.45 0.36

*Inert Bomb Navigation 3.95 5.04 3.10 5.30 1.07 0.49
*Attack Radar 3.28 2.49 2.25 6.20 1.316 0.189

Radar Altimeter 1.60 1.01 0.90 2.75 4-- NO FIT
*TFR 4.47 4.65 2.90 11.00 1.09 0.86
Fire Control 4.49 5.83 2.50 8.00 0.197

*LCOS 6.60 7.59 3.25 8.90 1.52 0.67
Weapon Delivery 4.19 5.45 2.00 7.80 0.776 0.369

EThese subsystems have plots of best fit distribution in appendix I
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Table X

DISTRIBUTION OF MAINTI4ANCE EVENTS - SHOP ACTIVE HOURS

Non-Parametric Statistics Best Fit Distribution Parameters

Log Normal Exponential Weibull

Subsystem Mean Std Dev Median Mmax U 
2  el 02

Airframe 7.72 8.10 6.00 18.00 0.949 0.147
Landing Gear 2.02 2.93 1.00 2.80 d NO FIT
Flight Control 3.35 4.48 1.00 8.00 0.58 1.22
Escape Capsule 2.17 2.57 1.00 4.20 4 NO FIT
Turbo Jet Power Plan 3.36 9.86 1.00 6.70 44 NO FIT
Air Conditioning, Press 0.97 1.24 0.40 1.60 0.793 0.132
Electrical Power Supply 3.64 7.28 1.20 6.50 0.48 1.27
Lighting System 1.17 0.28 0.75 1.30 0.571
Hydraulics and Pneumatics 3.04 3.22 1.00 6.00 0.47 1.74
Fuel Systems 2.96 3.84 0.80 8.00 -0.16 2.16
Oxygen System 1.00 0.25 0.60 1.30 -0.10 0.31
Miscellaneous Utilities Insufficient Data d NO FIT
Instruments 3.73 8.84 2.80 8.00 1.254 0.175

*Autopilot 6.31 8.09 3.10 14.50 1.29 1.08
*Air Data System 8.96 5.83 6.70 12.50 1.553 0.028

HF Communications Insufficient Data
UHF Communications 6.70 6.40 3.20 14.70 1.044 0.135
Interphone 2.44 0.98 1.70 3.00 0.83 0.15
IFF 3.34 2.73 2.10 4.00 0.273
Radio Navigation 7.07 8.22 3.50 13.00 1.42 1.28
*Inert Bomo Navigation 9.85 7.80 8.10 20.50 1.260 0.051
*Attack Radar 7.41 6.73 5.90 15.20 1.096 0.107
*Radar Altimeter 3.08 2.45 2.30 7.30 0.84 0.69
*TFR 12.20 8.94 10.70 26.25 0.079

Fire Control 4.50 3.93 2.50 8.50 1.11 1.05
*LCOS 5.07 3.86 2.80 9.00 0.169
Weapon Delivery 16.67 8.50 7.00 20.00 0.040

*These subsystems have plots of best fit distribution in appendix I

Table XI

DISrRIBUTION OF MAINTENANCE EVENTS - TOTAL ACTIVE HOURS

Non-Parametric Statistics Best Fit Distribution Parameters

Log Normal Exponential Weibull

Subsystem Mean Std Dev Median Mmax 4 02 8 01 02

Airframe 4.04 5.59 1.60 8.70 4 NO FIT
Landing Gear 3.94 6.63 1.70 8.00 g - NO FIT
Flight Control 3.97 4.16 2.70 8.30 - NO FIT 1b
Escape Capsule 4.02 5.05 1.70 8.50 0.90 1.02
Turbo Jet Power Plan 4.17 9.23 1.30 8.50 . NO FIT
Air Conditioning, Press 2.48 4.07 0.90 3.50 0.31 1.06
Electrical Power Supply 3.02 5.24 1.70 4.00 0.55 0.96
Lighting System 1.30 0.89 0.70 2.20 0.02 0.54
Hydraulics and Pneumatics 3.40 4.62 1.40 8.20 0.55 1.37
Fuel Systems 5.38 6.54 3.50 10.50 0.184
Oxygen System 1.39 3.54 0.82 1.50 -0.16 0.89
Miscellaneous Utilities 2.10 2.32 0.90 4.50 0.903 0.534
Instruments 3.85 3.92 2.20 8.70 0.90 0.91

*Autopilot 7.45 9.41 4.00 19.10 1.44 1.14
*Air Data System 6.61 6.46 3.30 13.70 1.34 1.44

H1F Communications 2.24 3.08 1.00 3.00 0.12 1.72
UHF Communications 4.51 5.20 2.00 8.00 0.92 1.30
Interphone 2.27 1.82 1.70 2.90 0.57 0.57
IFF 3.59 3.37 2.10 8.70 0.97 0.57
Radio Navigation 7.56 8.40 4.00 13.00 0.899 0.169

*Inert Bomb Navigation 9.99 8.91 7.75 21.70 0.098
*Attack Radar 6.66 7.21 3.90 16.30 0.148
*Radar Altimeter 3.06 2.62 2.10 6.00 0.82 0.61
*TFR 11.22 11.00 9.00 30.70 1.95 1.56

Fire Control 5.62 7.06 2.20 12.00 1.08 1.49
*LCOS 8.63 9.72 3.75 20.00 0.887 0.156

Weapon Delivery 5.58 8.03 2.00 8.50 0.87 1.84

IThest sulsystems have plots of best fit distribution in appendix I

86



Table XII

DISTRIBUTION OF MAINTENANCE EVENTS - LINE MANHOURS

Non-Parametric Statistics Best Fit Distribution Parameters

LoT Normal Exponential Weibull

Subsystem Mean Std Dev Median Mmax L. 
2  

e 81 e2

Airframe 7.08 12.28 2.80 18.50 I NO FIT _
Landing Gear 11.61 26.23 3.00 26.00 1.40 1.90
Flight Control 11.88 15.83 5.90 29.00 1.72 1.76
Escape Capsule 15.21 22.71 7.50 34.80 2.02 1.57
Turbo Jet Power Plan 18.30 28.40 5.00 51.30 1.80 2.56
Air Conditioning, Press 6.42 10.30 2.90 12.00 1.15 1.53
Electrical Power Supply 5.12 5.45 3.50 8.50 1.23 0.89
Lighting System 2.05 2.17 1.00 3.00 0.36 0.69
Hydraulics and Pneumatics 7.41 11.12 1.50 18.00 0.684 0.303
Fuel Systems 19.41 32.93 8.00 39.00 2.00 2.29
Oxygen System 3.44 7.73 0.80 8.00 0.20 1.47
Miscellaneous Utilities 6.80 14.10 2.50 8.50 0.88 2.09
Instruments 4.36 5.50 1.50 9.00 0.96 0.97
*Autopilot 13.89 15.30 10.10 25.60 0.071
*Air Data System 4.74 3.71 3.20 7.50 1.273 0.126
HF Communications 0.92 C.50 0.90 1.70 0.811
UHF Communications 2.89 2.00 1.30 5.00 0.31 0.61
Interphone 2.11 2.04 1.00 5.00 0.34 0.92
IFF 3.88 2.66 3.00 5.50 1.468 0.118
Radio Navigation 3.98 3.37 3.00 6.80 0.232

*Inert Bomb Navigation 10.54 22.93 5.50 14.40 1.78 0.76
*Attack Radar 9.63 11.70 4.75 26.00 1.72 1.08
*Radar Altimeter 3.76 3.13 2.40 7.00 1.00 0.71
*TFR 10.20 12.11 5.60 19.50 1.85 1.00

Fire Control 15.32 24.45 6.80 32.00 0.649 0.209
*LCOS 22.88 36.82 10.00 30.00 2.41 1.46
Weapon Delivery 15.68 31.31 5.00 22.00 0.543 0.303

*These subsystems have plots of best fit distribution in appendix I

Table XIII

DISTRIBUTION OF MAINTENANCE EVENTS - SHOP MANHOURS

Non-Parametric Statistics Best Fit Distribution Parameters

Log Normal Exponential Weibull

Subsystem Mean Std Dev Median Mmax 4 02 6 e1 e2

Airframe 10.74 13.06 7.50 23.00 0.825 0.154
Landing Gear 3.53 6.73 1.80 4.00 4 O NO FIT _-
Flight Control 4.94 7.22 1.20 10.00 0.699 0.386
Escape Capsule 2.20 2.56 1.00 1.30 0.862 0.541
Turbo Jet Power Plan 9.76 48.79 0.95 10.00 o NO FIT b
Air Conditioning, Press 1.74 2.68 0.60 3.00 0.668 0.835
Electrical Power Supply 16.02 44.79 1.50 26.00 g NO FIT
Lighting System 1.50 0.50 1.20 1.75 0.37 0.12
Hydraulics aad Pneumatics 3.71 3.92 1.00 8.00 0.60 2.01
Fuel Systems 4.21 5.68 0.80 10.00 0.38 2.44
Oxygen System 1.67 1.15 0.90 2.50 1.452 0.413
Miscellaneous Utilities Insufficient Data 4 NO FIT
Instruments 8.94 7.10 6.40 17.10 0.109

*Autopilot 18.13 26.46 8.50 38.50 2.21 1.45
"Air Data System 28.40 17.14 28.50 46.00 1.682 0.003
HF Communications Insufficient Data 14 NO FIT _-
UHF Communications 13.43 16.08 4.70 37.00 0.837 0.123
Interphone 5.10 1.27 4.50 8.50 1.61 0.05
IFF 6.17 4.77 2.60 10.80 0.147
Radio Navigation 12.51 14.67 6.00 21.50 0.076

*Inert Bomb Navigation 26.72 25.50 22.40 47.00 1.043 0.032
*Attack Radar 18.80 17.54 12.40 50.00 1.067 0.043
*Radar Altimeter 7.03 6.69 5.80 14.25 0.137
*TFR 32.97 27.24 26.00 77.00 1.207 0.014
Fire Control 10.69 10.72 5.00 23.70 0.993 0.095
*LCOS 12.14 10.69 5.50 24.00 1.132 0.056
Weapon Delivery 52.00 25.43 33.50 58.00 3.88 0.21

T
These subsystems have plots of best fit distribution in appendix I
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Table XIV

DISTRIWTIGi 0? NAr fl 9 3N2AE ZV3S - TOTAL "AS-DOMz3

om-Pazanetric Statiatlcs best Fst ;ri ,avrnteta

I]san Sed Do %d1- 2 ""

Airfrm 8.10 13.1 2.00 22.00 4 X0 PIT

Lauding Seas 11.22 25.42 l.60 25. 1.41 2.74

rliqht Cemtrol 12.12 16.26 6.50 29.09 1.73 1.77

Escape Capsule 15.11 22.56 7.S0 34.20 Z-02 1.51

Turbo Jet Pmer Plan 13.93 44.1) 2.00 34.00 4 00 IT
Air Coodstzoang. Pre.s 5.81 9.76 2.90 1*.52 0.33 1.66

¢cwtirxca1 fewer Supply 10.66 32.08 3.25 13.00 0.943 0.293

Lzgbtinq System 2.16 2.15 1.50 3.50 0.42 0.70

sydraulics and Pagumatics 7.46 10.91 2.0 13.00 0.699 0.290

r2&l Systm 13.63 32.55 7.80 39.;0 1.90 2.46
Omywe= System 3.35 1.36 1.0" 6.00 0.26 I.J7
1s1=11aaeous Ctalitles 6.83 13.16 2.00 7.50 0.92 2.35

lastr*onts 8.45 9.96 5.00 21.50 0.049 0.176

SAutopilot 23.28 30.93 10.190 58.00 2.46 1.S3
'Air Data System 17.01 19.2: 7.50 42.00 2.12 2.15

W Comuications 5.64 I.S5 0.95 12.00 0.45 2.70

W Counications 9.13 12.20 4.=G ic.00 1.57 1.34

Interphome 3.35 3.33 2.50 5.00 f.135 0.205

IFF 6.73 5.30 4.5O 12.00 1.61 0.65

Radio 9avigation 13.4 14.75 9.00 21.60 0.936 0.035

-Inert Bomb Navigation 27.01 31.12 20.10 54.00 0.160 0.061

*Attack Radar 10.04 21.37 9.10 45.00 2.13 1.78

*Radar Altiineter 7.10 6.85 5.50 14.00 1.032 0.131

0 fM 31.75 32.74 14.90 31.00 2.73 Z.06
*Fire Control 16.64 25.85 6.00 40.00 0.66. 0.i87

etCOS 26.45 36.97 11.C0 40.00 2.55 1.65
Weapon Delsery 19.94 36.09 5.00 42.00 0.556 0.224

Tiheis usystem have plots of best fit distribution in appendix I.
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~~ Table XV

SUPPORT GENERAL WORK UNIT CODES FOR
TIME TO TURN AROUND

t

Work Unit Code Description

01110 Ground Handling
091120• " 0113b

01310 Fuel
01320 Check Oil
01330 Load Oxygen
01340 Air
01360 Check Hydraulic Oil
01370 Armament

01375 Armament, Radio, Radar, IFF
01377

01390 Miscellaneous Service
01410 Tape Change
01430 ECM
01440 Photo
01450 Replace Electronic Spares
01460 AGE
032XX Postflight Inspection

06XXX Load Ammo, Bombs
08XXX

Table XVI

TIME TO TURN AROUND

NON-PARAMETRIC STATISTICS

Mean Std Dev Median

Active Hours 5.93 7.23 4.25 12.00

Man-Hours 20.34 27.80 14.67 39.20
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